Prostate cancer (PC) is the second most common non-dermatological malignancy, frequently diagnosed in men. The incidence of PC has increased rapidly in most Asian countries over the past two decades[@ref1]. PSA (prostate specific antigen) is one of the most valuable tools for the screening and diagnosing prostate cancer in men. PSA is an androgen regulated serine protease produced primarily by prostate ductal and acinar epithelium as an inactive 244 amino acid pro-enzyme (pro PSA) that is activated by cleavage of seven N- terminal amino acids and then secreted into lumen[@ref2]. It is organ-specific but not disease-specific, and can be detected in patients with normal prostate and benign prostatic hyperplasia (BPH), and in both primary and metastatic prostate cancer cells[@ref3].

Globally, the 95^th^ percentile value (normal upper limit) of serum PSA (4.0 ng/ml) is not always accurate for all ages[@ref4]. It has been suggested that age specific cut-off values for PSA screening are better compared than the currently used single cut-off of 4.0 ng/ml[@ref5]. Age specific reference ranges for PSA were first presented from a community based population of 471 healthy American white men by Oesterling *et al*[@ref6]. Several studies conducted in India have reported that the serum PSA level varies with different geographical areas, age and ethnicity[@ref7][@ref8].

Standard reference intervals of serum PSA level in Indian men without prostate diseases are not available and the values in use are the reference range reported in the world literature. Therefore, it is desirable to generate reference range of serum PSA levels for healthy Indian men. This study was a step to establish age specific reference range of serum PSA in healthy Indian men and to compare this range with that reported in world literature.

Material & Methods {#sec1-1}
==================

The present study was conducted in a multispecialty hospital in Gurgaon, Haryana, India, over a period of two years from January 2010 to January 2012. During this period, approximately 1300 men were enrolled in the Executive Health Check-up pragramme and they opted to undergo serum PSA test. Of the1300 men, 1253 men in the age group between 19-97 yr were selected for the study after excluding the subjects as per appropriate exclusion criteria defined by International Federation of Clinical Chemistry (IFCC)[@ref9]. Apart from this, men having some urological complications (22), post-operation of prostate gland or history of prostate diseases (15) were excluded from the present study. Further, those taking any chemotherapy or radiotherapy and anti androgen drugs (7) were also excluded. Men having pus cell more than 4 in urine analysis (3) were also excluded.

The subjects were divided as per age group: \<40 yr (n = 126), 40-49 yr (n = 254), 50-59 yr (n = 377), 60-69 yr (n = 280), 70-79 yr (n = 172) and above 80 yr (n = 44). Blood samples (5 ml) were collected[@ref10] and serum was separated. Samples were assayed by using an immunometric assay technique (VITROS 5600 Clinical Chemistry Analyzer, USA) based on chemiluminescence method. All samples were analyzed in the same laboratory to prevent the variations in measurement. A comprehensive internal quality control programme was followed and results were released after calibrating values between mean ±1SD. This internal quality control analysis was performed daily.

*Statistical analysis*: Statistical analysis was done using SPSS (SPSS V. 16, IBM, USA) software. Data were analyzed using student t test; *P*\<0.05 was considered significant. Confidence intervals (CI, low-high), mean, median, SEM were also calculated. Confidence intervals low represented 5^th^ percentile value while CI high represented 95^th^ percentile value for each age groups.

Results & Discussion {#sec1-2}
====================

The results of serum PSA levels in 1253 healthy men as per age group from \<40 to \> 80 yr are shown in [Table I](#T1){ref-type="table"}. The range of serum PSA values in healthy men was 0.06-5.90 ng/ml. The analytical sensitivity of the test was 0.03 ng/ml. The mean serum PSA values was 0.64 + 0.37 ng/ml in those younger than 40 yr; 0.78 + 0.52 ng/ml in 40-49 yr; 1.03 +0.97 ng/ml in 50-59 yr group; 1.31 + 1.21 ng/ml in 60-69 yr group; 1.63 + 1.42 ng/ml in 70-79 yr group and 1.89+ 1.57 ng/ml in men older than 80 yr. Age-wise distribution of serum PSA in the entire study group is shown in [Fig. 1](#F1){ref-type="fig"}. There was a progressive increase in mean and 95% CI values with advancing age from below 40 yr to above 80 yr ([Fig. 2](#F2){ref-type="fig"}).
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Age specific serum prostate specific antigen (PSA) levels in healthy men
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Comparison of the results of present study with other studies indicated that the normal level of serum PSA in our study subjects was lower than that of US, African, American, Turkish, Japanese, Chinese, Spanish, Iranian, Singaporeans, Syrian and Korean men ([Table II](#T2){ref-type="table"}). Asian men have been shown to have lower PSA level than other races (African & American)[@ref11]. It may be due to lower levels of androgen in Asian men but there have not been any studies investigating this. Sutclifee *et al*[@ref24] conducted a study on a young male Caucasian African -- American members of the US military and reported that the PSA levels was significantly higher in African-than in Caucasian - American men. Pradhananga *et al*[@ref25] have reported lower PC rates in Nepal compared to India and Pakistan. A study conducted in south Indian men suggested that the mean serum PSA levels of south Indian men were slightly higher as compared to men from Korea but slightly lower than American men[@ref7]. Another study from Syria correlated serum total PSA levels with age and concluded that Syrian men had lower PSA values compared with other races[@ref12]. In our study, it was found that 95^th^ percentile of serum PSA level in healthy men was 1.17 ng/ml that was slightly lower than healthy Gujarati men, south Indian men (1.51 ng/ml) and other regions for all age groups ([Table II](#T2){ref-type="table"}).

###### 
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Age is one of the key risk factors for the prostate disease; with the increase in the age, susceptibility towards the disease also increases[@ref8]. For a healthy 60 yr old man with no evidence of prostate cancer, the serum PSA concentration increases by approximately 3.2 per cent per year (0.04 ng/ml)[@ref6]. Oesterling *et al*[@ref6] have reported that the serum PSA concentration is directly correlated with patient age rather than rely on a single reference range for men of all age groups. They concluded that the age specific reference ranges for serum PSA were lower in Japanese men living in a small fishing village of Japan than for similarly aged white men. This may be either due to inherited susceptibility associated with genetic factors or other factors that are influencing serum PSA level like race and ethnicity, difference in lifestyle characterized by dietary habits and physical expenditure. Morgan *et al*[@ref11] reported that the serum PSA concentration directly correlated with advancing age in a large study population of African-American men. Lim *et al*[@ref26] have conducted a study on healthy multiethnic Asian population (Malay, Chinese and Indian men) and their findings support the concept that the baseline PSA level varies between different ethnicities across all age groups. Therefore, age précised PSA values should also be applicable for Indian population.

Chia and colleagues[@ref27] conducted a community based study in Singapore which concluded that the mean PSA levels in the Chinese, Malays and Indian ethnic groups in Singapore were positively associated with age and were lower than PSA levels of the white population in the USA. A study done on serum PSA levels in a community-based population of Gujarat concluded that age specific PSA ranges were on the lower side and the prostate specific antigen density on the higher side[@ref13]. This study also concluded that 89.17 per cent had a PSA of \<4 ng/ml, 8.9 per cent had a PSA between 4-10 ng/ml, while 1.8 per cent had a PSA more than 10 ng/ml.

Belbase *et al*[@ref28] in their study on prostate cancer in a healthy population group in Eastern Nepal, reported that the sensitivity of PSA more than 4 ng/ml in detecting carcinoma prostate was 100 per cent and the positive predictive value for serum PSA was 19.0 per cent. Hailam *et al*[@ref14] reported that the serum PSA measurement in Iraqi men was maximum at 4.8 ng/ml, was slightly more than the international standard threshold of 4.0 ng/ml. Agnihotri *et al*[@ref29] conducted a study on 4702 patients for defining the cut-off value of PSA for biopsy in symptomatic Indian men and concluded that 70.9 per cent had PSA of \<4 ng/ml and 29.1 per cent had PSA of \>4 ng/ml.

In our study, the normal upper limit of serum PSA level in healthy men was 1.17 ng/ml which was considerably lower than the international standard reference range of 4.0 ng/ml. The mean PSA level of healthy men was 1.12 ng/ml which was lower than that of healthy Gujarati and south Indian men (1.4 ng/ml). The men were distributed into six age groups (\<40 to \>80 yr) to see the upper limit of normal range (95^th^ percentile) across the different age groups which increased from 0.71 to 2.35 ng/ml with advancing age group.

There were certain limitations of this study as information on TRUS (trans rectal ultrasound) findings about prostate size and abnormality was not available and no prostate biopsy was done in any of the participants, because the participants were apparently healthy men who opted for this test as a part of regular health check-up.

In summary, there is need to have separate age specific reference ranges of serum PSA for Indian men. Our findings showed lower age-specific serum PSA ranges for healthy Indian men compared to certain other populations of the world. The study has also confirmed that serum PSA correlates with advancing ages.
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